Identifying barriers to hypertension management may facilitate cardiovascular risk reduction. Therefore, our objective, was to determine the prevalence of hypertension not managed with medication ('untreated') in a representative adult sample and identify patient factors/beliefs, and aspects of the patient-general practitioner (GP) relationship associated with untreated hypertension. The North West Adelaide Health Study, a biomedical cohort study over three stages from 2000-2009, assesses hypertension (systolicX140 mm Hg and/orX90 mm Hg or current treatment with anti-hypertensive medication), chronic disease and associated risk factors and health-care experiences, including risk perception, decision-making preferences, GP/primary care provider affiliation and satisfaction with care (n ¼ 2425). The prevalence of hypertension was 32.1% (n ¼ 781) comprised of treated (19.0%, n ¼ 462) and untreated (13.1%, n ¼ 319) hypertension. Thus, 40.8% of hypertension was untreated. Among hypertensive subjects, nontreatment was significantly associated with male sex, age o45 years, workforce participation, infrequent GP visits, dissatisfaction with recent medical care, high total cholesterol, moderate-level physical activity and lower body weights. Compared with participants without hypertension (and no treatment), untreated subjects demonstrated significant (15%) 10-year Framingham general cardiovascular risk (odds ratio ¼ 6.44, 95% confidence interval ¼ 4.52-9.17). Novel screening strategies and public health messages to address beliefs and perceptions of both patients and the health system are required to identify untreated, at-risk hypertensive individuals.
INTRODUCTION
The problem of undertreated hypertension is a significant public health issue, despite the significant therapeutic advances. Internationally, hypertension is common and estimated to affect 20-44% of the population. [1] [2] [3] Although surveys show some improvements over recent years, international studies report the proportion of people with hypertension that is untreated ranges from 21% (ref.
2) to 75%. 3 In Australia, nearly 90% of adults report affiliation with a primary care physician/general practitioner (GP) or practice 4 and over 90% of people attend a GP at least once every year. 5 Despite this, barriers to the diagnosis and management of hypertension in primary care exist. 6 Hypertension management may be complicated further by recommendations that risk factor management be based upon individuals' absolute cardiovascular risk rather than individual risk factor levels. 7, 8 To date, Australian studies have assessed hypertension and its treatment in self-selected 9,10 and older samples 11 or samples with low response rates 12 and these findings may have limited generalisability to community-dwelling adults. These have reported similar hypertension and treatment rates as international studies and general practice studies have revealed gaps at the screening and treatment level, 10, 13, 14 with 50% of those with pre-existing CVD and three quarters to two-thirds of those at high-risk for CVD events not taking appropriate therapy including blood pressure and lipid-lowering therapies. 10, 13 Discordance in levels of risk perceived by GPs and identified by Framingham-based algorithms and a lack of the widespread use of risk calculators have also been described. 14 Given the variation in methodologies and samples used in these Australian prevalence studies, the aim of the present study was to determine the prevalence of hypertension and how many people are not currently on medication in a randomly selected and representative adult sample recruited to the North West Adelaide Study (NWAHS). We also sought to examine if untreated hypertension (that is, hypertension not being managed with medication) was associated with 1) specific patient factors and beliefs (socio-demographics, frequency of primary care visits, risk perception, decision-making preferences) and 2) aspects of the relationship with GPs (affiliation and satisfaction with care). Quantitative examination of the previously unassessed relationship of untreated hypertension with patient factors and beliefs, in addition to demographic and risk factors may enable identification and improved targeting of an important at-risk group. that belonged to businesses, institutions and residential care facilities were excluded from the sample. Within each household, the person who had their birthday last and was aged 18 years and over, was selected for interview and invited to attend the clinic for a biomedical examination. The methods of the NWAHS 15 and the validity of these methods of selection to achieve an unbiased sample with known probability of selection have been described previously. 16 In 2000-2003, 4060 people underwent clinic assessment. In 2004-2005, participants were followed-up, with 3522 completing interviews only (86.7%), 3206 (79.0%) attending for clinic assessment, 120 (3.9%) died or were too ill to attend, 92 (2.3%) were unable to be contacted and 326 (8.0%) declined participation. At follow-up, 2425 participants also completed a survey of health-care experiences from items used in a 2000 Australian study, 17 which in turn was based on an earlier survey from the National Patient Safety Foundation at the American Medical Association. 18 This survey identified patient factors and beliefs and aspects of the relationship with GPs with the following items.
Affiliation with a GP: 'Do you have a family GP or regular doctor you go to when you are sick?' (yes, no, not stated).
Patient satisfaction: 'Thinking about your most recent experience with a doctor or hospital for a specific condition or treatment (not just a physical check-up), how satisfied were you with the healthcare you received?' (very satisfied, somewhat satisfied, somewhat dissatisfied, very dissatisfied, no recent experience). These were collapsed into satisfied, dissatisfied and no recent experience.
Decision-making preferences: 'In what way do you prefer to make decisions regarding your health-care or medical treatments? I prefer to'- Risk aversion/taking was assessed using the following questions: 'On a scale of 1 to 7, with 7 ¼ very risky and 1 ¼ not risky at all, how risky do you think the following behaviours are':
(1) Not testing smoke detectors regularly if they are in your home? (2) Leaving appliances plugged in while you are away for an extended period of time? (3) Smoking tobacco or cigarettes? (4) Using foodstuffs after use-by date? (5) Driving a car after consuming alcohol? (6) Not carrying medical identification when you have a medical condition, such as allergies, diabetes or epilepsy?
Chronic conditions
Clinic assessment included measurement of blood pressure, and a fasting blood sample was drawn for glucose, lipid measurement and creatinine. A urine sample provided albumin measures. Two blood pressure measurements were taken using a standard, calibrated blood pressure sphygmomanometer, 5 to 10 minutes apart while the participant was relaxed and seated. The average of these two recorded measures was used and hypertension was defined as systolicX140 mm Hg and/orX90 mm Hg or anti-hypertensive medication use. Treatment with anti-hypertensive medications and lipid-lowering therapies were recorded when subjects brought all prescribed and over-the-counter medications that they were currently taking to the clinic. Control of hypertension was defined as systolic o140 mm Hg and diastolic BPo90 mm Hg. Diabetes was defined as fasting plasma glucose X7.0 mmol l À 1 or by self-reported physician diagnosis of diabetes. Undiagnosed diabetes was defined by fasting plasma glucose X7.0 mmol l À 1 in the absence of a self-reported physician diagnosis. Cardiovascular disease/stroke was identified by self-reported doctor-diagnosed myocardial infarction, angina, stroke, transient ischaemic attack. Kidney disease was identified by a glomerular filtration rate (GFR) o60 ml min 20 Recreational physical activity was calculated as the number of times activity was undertaken by average time per session by (self-perceived) intensity and categorised as sedentary, low, moderate and high exercise. 15 Intermediate to very-high-risk alcohol use was classified as at least an average daily intake of 4 drinks (or 9-12 drinks in any day) in females and an average daily intake of 5-8 drinks (or occasional excess) in males. 15 Smoking status was assessed by self-report (never, former, current smoker). Framingham risk equations using lipid levels were used to identify subjects with at least 15% 10-year general cardiovascular risk, 21 which is regarded as high risk in Australian guidelines. 22 Demographic characteristics of participants were collected, including income, education, work status, occupation, country of birth and marital status. The Socio-Economic Indicators for Areas (SEIFA) Index of Disadvantage (SEIFA-ID) was used as a measure of neighbourhood socioeconomic position, produced from the Australian Bureau of Statistics (ABS) Census data that focuses on low income, relatively lower educational attainment and high unemployment. 23 Health service utilisation data were also collected by self-completed questionnaire.
Statistical analysis
Data were weighted to census data by region, age group, gender and probability of selection in the household, to provide populationrepresentative estimates. Data were analysed using SPSS (Version 18.0, SPSS Inc, Chicago, IL, USA). Chi-square tests determined differences in proportions of those with treated with medication for hypertension (referred to as 'treated' in this analysis) and those not taking medication ('untreated'), in relation to sociodemographic and GP/patient factors (regular GP, satisfaction, decision-making preferences) and chronic disease and cardiovascular disease risk factors. Multivariable logistic regression models identified the best sets of explanatory variables describing 1) untreated hypertension in comparison with hypertension that is treated with medication and 2) treated hypertension in relation to subjects who did not have hypertension (and were not taking anti-hypertensives) Results are expressed as odds ratios (OR) with 95% confidence intervals (CI).
Approval for the NWAHS was obtained from institutional ethics committees of the North West Adelaide Health Service and University of Adelaide. All subjects gave written, informed consent.
RESULTS
At least one visit to a GP in the year prior to participants' clinic visits was reported by 91% of subjects. Of the 781 (32.2%) participants identified with hypertension in the NWAHS clinic, 319 (40.8%) of these were not taking any anti-hypertensive medications. Blood pressure control occurred in 35.7% (n ¼ 165) of the 462 hypertensive subjects identified as treated. Therefore, untreated subjects accounted for 51.8% of all uncontrolled hypertension.
In the population of uncontrolled hypertension (n ¼ 616), systolic blood pressure (mm Hg, mean (s.d.)) was significantly lower in untreated compared with treated participants (142.4 (13.6) vs 149.5 (14.4), Po0.01), whereas diastolic blood pressure was significantly elevated in untreated subjects (91.7 (8.2) vs 87.6 (10.1), Po0.01). The distribution of blood pressure abnormalities varied with treatment status. In untreated subjects, the prevalence of isolated systolicX140 mm Hg, isolated diastolicX90 mm Hg and combined systolicX140 mm Hg and diastolicX90 mm Hg were 27.6% (n ¼ 88), 41.1% (n ¼ 131) and 31.3% (n ¼ 100), respectively. These abnormalities were present in 50.2% (n ¼ 149), 18.2% (n ¼ 54) and 30.6% (n ¼ 91) of treated subjects, respectively. Grade 2 hypertension and above (systolic blood pressureX160 mm Hg) was less common in untreated compared with treated subjects (9.7% (n ¼ 31) vs 20.5% (n ¼ 60)), however diastolic BPX100 mm Hg was more frequent (18.2% (n ¼ 58) vs 8.2% (n ¼ 24)). SystolicX160 mm Hg and diastolicX100 mm Hg occurred in 1.9% (n ¼ 6) of untreated subjects compared with 3.1% (n ¼ 9) of treated subjects. Table 1 shows the prevalence of untreated (n ¼ 319, 13.1%) and treated hypertension (n ¼ 462, 19.0%) in relation to participant Table 2 . Data on people attempting or successfully using GP-directed lifestyle modification to control hypertension were unavailable. However, engaging in moderate to high recreational physical activity was significantly more likely in the untreated compared with the treated groups (35 vs 27%, age-adjusted OR (95% CI): 2.01 (1.31-3.09)).
Factors associated with under-treatment in subjects with hypertension In multivariable logistic regression analysis (Table 3) , risk factors for untreated hypertension were entered in blocks containing patient factors, demographic factors and behavioural risk factors. Risk-taking behaviour and dissatisfaction with care received at a recent doctor or hospital visit were associated with untreated hypertension in an age-adjusted model and the association with Factors associated with untreated hypertension SL Appleton et al dissatisfaction persisted, and the relationship with risk-taking was attenuated when demographic and behavioural/lifestyle factors were added to the model. Demographic factors of younger age (o45 years), a university education and workforce participation remained consistently associated with untreated hypertension across the models. When all patient demographics and risk factors were added, significant associations were also observed with engaging in moderate-level physical activity, high total cholesterol and lower levels of BMI. In separate models for males (Table 4) and females (Table 5) , sex-specific differences were observed, with risktaking and dissatisfaction, younger age and middle household incomes being important predictors of untreated hypertension in males; and in females, associations were seen with infrequent health system encounters, a preference for treatment decisions to be made by the patient, and engaging in moderate levels of physical activity. Compared with treated participants, untreated participants also showed significant inverse age-and sex-adjusted associations with health conditions including diabetes (0. 35 Absolute cardiovascular risk When participants aged 30-74 years and free of pre-existing CVD were classified by Framingham 10-year general cardiovascular risk equations,X15% risk was present in 6.3%, 30.5% and 50.4% of those with no hypertension, untreated and treated hypertension, respectively. Compared to those without hypertension, X15% CVD risk was significantly more likely in untreated (OR ¼ 6.44, 95% CI: 4.52-9.17) and treated hypertension (14.9, 10.7-20.8). However, compared with treated subjects, untreated hypertension was inversely associated with X15% risk (0.43, 0.30-0.62).
DISCUSSION
Achieving and maintaining optimal blood pressure is a challenge for primary care given the requirement for multiple medications, often in the context of multiple morbidities, and non-compliance with those medications. Among people with hypertension, undertreatment was common (41%) and those not using medication were more likely to be men, young, workforce participants who see their GP infrequently, demonstrate high cholesterol but have lower BMI and report at least moderate levels of exercise. Although less likely to have comorbidities such as diabetes, cardiovascular or renal disease than those taking anti-hypertensives, people with untreated hypertension were more likely to have increased cardiovascular risk than those without hypertension. In contrast, treatment of hypertension was related to the presence of comorbidities, a preference for doctor-driven decision making and medication adherence, as demonstrated by the use of lipid-lowering therapies.
We do not know how many of the untreated group are attempting lifestyle approaches to manage hypertension, such as dietary modification and exercise. 7 GPs may be more inclined to emphasise anti-hypertensives in those with established complications such as renal impairment. The problem with this that we have identified is threefold; first, elevated cholesterol and significant 10-year cardiovascular risk commonly co-exists with untreated hypertension, thus increasing morbidity risk; second, lifestyle measures, if they are being adopted, are not currently successful in adequately lowering blood pressure in a large proportion of the study participants; and third, those untreated see their GP only infrequently, making effective monitoring and timely increased intervention problematic. Combined with an increased likelihood of dissatisfaction with recent interactions with the health-care system, this makes for a situation where hypertension may be left unmanaged for extended periods placing people at risk for the development of significant illness.
We also found people with untreated hypertension were more likely to be comfortable with risk-taking behaviour. Recent qualitative data is consistent with this conclusion. 6 GP focus groups 6 identified that detection of hypertension in male patients was difficult particularly in the 'young, busy, overweight, single, or heavy users of alcohol'. It was also identified that men had low rates of attendance and when attendance occurred, usually with acute injuries, blood pressure was not always measured. In terms of GP-perceived patient attitudes, a reluctance to commence and adhere to anti-hypertensive therapy in patients was observed. A preference for a trial of lifestyle modification, reluctance to take an additional medication, and a lack of 1) understanding of the risks of hypertension and 2) persuasiveness of the GP, were other factors believed by GPs to be related to the delay or failure to initiate treatment. 6 There was also a reluctance of doctors within a practice to initiate treatment in 'someone else's patient' despite repeated high blood pressure recordings, emphasising the importance of both continuity of care and information. Systematic reviews of qualitative studies of patients have Abbreviations: CI, confidence interval; GP, general practitioner; OR, odds ratio.
Factors associated with untreated hypertension SL Appleton et al Abbreviations: CI, confidence interval; GP, general practitioner; OR, odds ratio.
Factors associated with untreated hypertension SL Appleton et al described important insights and patient perspectives that may be contributing to under-treatment of hypertension. Resistance to the taking of medicines because of worries about dependence and tolerance, and the lay practise of testing medicines for adverse effects and reducing or stopping treatment without consultation has been described in relation to medicines Abbreviations: CI, confidence interval; GP, general practitioner; OR, odds ratio.
Factors associated with untreated hypertension SL Appleton et al generally, 24 and anti-hypertensives. 25 Marshall et al. 25 recently reported the common belief that stress causes hypertension and that perceived symptoms of hypertension including headache and dizziness abated when blood pressure was reduced, and thus, medication was not needed at these times. Time and financial constraints were frequently expressed factors preventing adherence. These studies help explain why primary compliance and adherence with anti-hypertensive medication is disturbingly low, 26 with discontinuation reported in 28.5% at 12 months, 27 and low adherence (days covered less than 40%) in over 50% of subjects. 28 Marshall et al. 25 justifiably conclude that to improve adherence, patients' beliefs about hypertension (causality, symptoms, treatment concerns) need to be considered and understood by clinicians and educational interventions. This is particularly salient, given our observation that untreated hypertensive females preferred to make decisions, perhaps erroneously, about their medical treatment themselves. The importance of patient empowerment has also been highlighted by a recent study reporting that prescription of a new antihypertensive was significantly associated with the patient identifying hypertension as the reason for the visit. 29 Studies also indicated that men engage with the health system differently to women. 30, 31 Younger men in particular have less requirement for GP services than women, who often attend for services such as contraception. Recent Australian policy initiatives in men's health have identified six priority areas, including the need for improved access to healthcare for males through initiatives and tailored health-care services, taking into account social roles of men and barriers they experience accessing healthcare and includes the use of mobile health programmes.
32 Given our study's findings of an association of untreated hypertension in younger men, with high cholesterol levels and with infrequent GP visits despite reporting a GP affiliation, and who are more likely to report risk-taking attitudes, culturally appropriate cardiovascular risk-screening programmes may require the involvement of workplaces or sporting clubs to capture these individuals. It will also be necessary to attempt more widespread use of techniques that take attitudes to health and risk into account when initiating investigation and treatment. Novel approaches may warrant more widespread trials, such as one successful US study of barbers providing blood pressure checks and sex-specific peer-based health messaging, which delivered a significant increase in hypertension control. 33 Consistent with recent NHANES data 1 and with previous Australian population studies reporting figures in the order of 50%, 12, 34 we report that 41% of hypertensive subjects are untreated. Similarly, our finding that 51.8% of participants with uncontrolled hypertension were untreated is highly consistent with recent data from the National Health and Nutrition Examination Survey reporting a figure of 52.5%. 35 Our findings however are very different from those reported from the Bettering the Evaluation and Care of Health (BEACH) programme. 10 However, it is likely that differences in methodology account for the different results, as the BEACH study was conducted in selfselected Australian general practices and defined treatment as any prescription of medication.
The strength of our study is the representative population sample and the measured biomedical data, including blood pressure and other variables. In addition, medication was recorded when participants brought the medications to their clinic, that is, those who actually filled the prescription and were presumably taking medication. This is an important point given the rates of discontinuation of medication and non-fill of prescriptions in newly diagnosed hypertension. 27, 28, 36 Our analysis reports only cross-sectional data limiting conclusions regarding the long-term impact of the observed untreated hypertension. Also, hypertension was assessed using an office method with two measures taken on a single day. Hypertension guidelines 7 recommend a diagnosis be based upon multiple measurements taken on separate occasions, preferably with measurements outside the clinic with home monitoring or 24-h ambulatory monitoring, to identify masked and episodic hypertension and avoid 'white coat effects'. There is the possibility that the untreated group also contains 1) those not yet diagnosed appropriately (according to guideline recommendations) with multiple readings on separate occasions, 2) subjects with an isolated high reading inconsistent with other readings, 3) those with low absolute cardiovascular risk not requiring medication or undergoing a trial of lifestyle modification.
In conclusion, our findings present several opportunities for intervention in primary care if routine checks of blood pressure occur in all adults. However, this study suggests that the identification of untreated individuals with hypertension (who have increased cardiovascular risk/hyperlipidemia, yet are less likely to utilise GP services and possibly do not conceive themselves as being at risk), will require novel screening strategies and public health messages to address perceptions and beliefs of both patients and the health system. This will be critical to reduce the burden of cardiovascular risk and events. At a population level, a more aggressive approach to blood pressure control may have significant health benefits to the society.
What is known about this topic
Internationally, untreated hypertension is common and is a major barrier to minimising cardiovascular risk in populations. Patient beliefs about causes of hypertension and the perceived hazards of treatment contribute in part to this problem.
What this study adds Untreated hypertension was associated with patient factors, including perceptions of risk, dissatisfaction with health system interactions and preferences for decision-making autonomy. Untreated hypertension was associated with other cardiovascular risk (including hyperlipidaemia) indicating novel strategies are required to engage this at-risk population.
